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Abstract of EP0985465 

A bulging device for bulging a workpiece and 
preventing the generation of cracks therein, even 
in cases where various kinds of dies of various 
cavity shapes are ennployed, and a bulging 
method for bulging a workpiece into an accurate 
shape, and preventing the generation of cracks 
therein. High pressure liquid is supplied from an 
internal pressure supply mechanism to the 
interior space of a workpiece and from an 
external pressure supply mechanism to the outer 
space of the workpiece in cavity. An internal 
pressure detection sensor or an external 
pressure detection sensor is provided such that 
the internal pressure supply mechanism or the 
external pressure supply mechanism is controlled 
according to the detected pressure, thereby 
controlling the pressure of the interior space of 
the workpiece or the pressure of the outer space 
of the workpiece in the cavity. Alternatively, 
position sensors for detecting displacement of 
pushing dies are provided such that the pressure 
of the interior space of the workpiece or the 
pressure of the outer space of the workpiece in 
the cavity is controlled according to the detected 
displacement. The workpiece is inserted into, the 
cavity formed by an upper and lower die, and 
high pressure liquid is supplied to the interior 
space of the workpiece while an axial 
compressive force, is being applied to the 
workpiece, thereby bulging the workpiece to 
follow the contour of the inwardly facing surface 
of the dies. During this bulging process, the 
pressure of the high pressure liquid supplied to 
the interior space of the workpiece is periodically 
fluctuated. 
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Abstract 



A bulging device and a bulging method for bulging a workpiece into an accurate shape, and 
preventing the generation of cracks therein. High pressure liquid is supplied to the interior space of a 
workpiece and from an external pressure supply mechanism to the outer space of the workpiece in 
cavity. An intemal pressure detection sensor or an external pressure detection sensor is controlled 
according to the detected pressure, thereby controlling the pressure of the interior space of the 
workpiece or the pressure of the outer space of the workpiece in the cavity. Alternatively, position 
sensors for detecting displacement of pushing dies are provided such that the pressure of the interior 
space of the workpiece or the pressure of the outer space of the workpiece in the cavity is controlled 
according to the detected displacement. The workpiece is inserted into the cavity formed by an upper 
and lower die, and high pressure liquid is supplied to the interior space of the workpiece while an 
axial compressive force is being applied to the workpiece, thereby bulging the workpiece to follow 
the contour of the inwardly facing surface of the dies. During this bulging process the pressure of the 
high pressure liquid period fluctuated. 
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(54) Bulging device and bulging method 

(57) A bulging device for bulging a wor1<piece and 
preventing the generation of cracks therein, even in 
cases where various kinds of dies of various cavity 
shapes are employed, and a bulging method for bulging 
a workpiece into an accurate shape, and preventing the 
generation of cracks therein. High pressure liquid is 
supplied from an internal pressure supply mechanism 
to the interior space of a workpiece and from an exter- 
nal pressure supply mechanism to the outer space of 
the workpiece in cavity. An internal pressure detection 
sensor or an external pressure detection sensor is pro- 
vided such that the internal pressure supply mechanism 
or the external pressure supply mechanism is controlled 
according to the detected pressure, thereby controlling 
the pressure of the interior ispace of the workpiece or 
the pressure of the outer space of the workpiece in the 



cavity. Alternatively, position sensors for detecting dis- 
placement of pushing dies are provkled such that the 
pressure of the interior space of the wortqsiece or the 
pressure of the outer space of the workpiece in the cav- 
ity is controlled according to the detected displacement. 
The workpiece is inserted into, the cavity formed by an 
upper and lower die, and high pressure liquid is sup- 
plied to the interior space of the workpiece while an 
axial conpressive force, is being applied to the work- 
piece, tiiereby bulging the workpiece to follow the con- 
tour of the inwardly facing surface of the dies. During 
this bulging process, the pressure of the high pressure 
liquid supplied to the interior space of the workpiece is 
periodically fluctuated. 
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1 EP 0 985 ^ 

Description 

Field of the Invention 

[0001] The present invention relates to a bulging s 
device and a txilging method for bulging a workpiece, 
located within a cavity formed by an upper and lower 
die. by supplying high pressure liqu'id to the interior 
space of the workpiece. 

10 

Background of the Invention 

[0002] Conventionally, a bulging device for bulging a 
workpiece. such as a tube which is inserted into a cavity 
formed between an upper and lower die. into, for exam- is 
pie, a T shape by supplying high pressure liquid to the 
interior space of the workpiece has been used. Such a 
bulging device is disclosed in Japanese Non-examined 
Patent Publication No. 7-155857. 

[0003] The bulging device, according to the afbremen- 20 
tioned prior art. comprises a regulation stopper which is 
slidable in a swelling formation hole of a die and a con- 
trol device for controlling movement of the regulation 
stopper. During bulging of a workpiece. the workpiece is 
first inserted Into the dies, and a high pressure liquid is 25 
then supplied to the interior space of the workpiece with 
the regulation stopper In contact with an outer periphery 
of the workpiece. And then, as the pressure inside the 
workpiece increases, the regulation stopper is control- 
led and moved backward in the swelling formation hole, 30 
thereby controlling expansion of the workpiece into the 
swelling formation hole. By adopting such a method, a 
swelling portion can be formed on the workpiece while 
the generation of cratiks, caused by a rapid expansion 
of the workpiece. is prevented. 3S 
[0004] In the conventional device as aforementioned, 
however, it is necessary to form the swelling formation 
hole of such a shape that the regulation stopper can be 
slidably Inserted therein. Thus, the cylindrical shape of 
which the sectional form is constant in the longitudinal 4o 
direction can be applied to the shape of the swelling for- 
mation hole, while the shape of which the sectional form 
is variable in the longitudinal direction, such as a bowl 
shape, can not be applied thereto. The shape of dies 
applicable to the aforementioned device is thus limited, 45 
which has been a continuing problem. 

Summary of the Invention 

[0005] An object of the present invention is to provide so 
a bulging device and a bulging method for txjiging a 
workpiece without generating cracks therein, irrespec- 
tive of the shape or contour of the inwardly facing sur- 
face of the dies defining a bulging cavity 
[0006] A bulging device according to the present ss 
invention, in which a workpiece is Inserted into a cavity 
formed by an upper and lower die, and in which high 
pressure liquid Is supplied from an internal pressure 
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supply mechanism to the Interior space of the work- 
piece, an axial compressive force being applied to the 
workpiece via a pair of opposed pushing dies actuated 
by pushing mechanisms, thereby bulging the workpiece 
to conform to the shape of the inwardly facing cavity sur- 
face of the dies, conrprises: 

an external pressure supply mechanism for supply- 
ing high pressure liquid to the outer space of the 
workpiece In the cavity (hereinafter referred to as 
the "'outer space"). 

[0007] There may also be provided. In the bulging 
device, an internal pressure detection sensor for detect- 
ing the pressure of the high pressure liquid supplied 
from an internal pressure supply mechanism and a con- 
trol circuit for controlling the pressure of the interior 
space of the workpiece or the pressure of the outer 
space by controlling the Internal pressure supply mech- 
anism or the external pressure supply mechanism 
according to the pressure detected by the internal pres- 
sure detection sensor. 

[0008] Alternatively, an external pressure detection 
sensor, for detecting the pressure of the high pressure 
liquid supplied from the external pressure supply mech- 
anism, and a control circuit for controlling the pressure 
of the interior space of the workpiece or the pressure of 
the outer space by controlling the Internal pressure sup- 
ply mechanism or the external pressure supply mecha- 
nism, according to the pressure detected by the 
external pressure detection sensor, may be provided. 
[0009] Further, a position sensor for detecting the dis- 
placement of the pushing dies and a control circuit for 
controlling the pressure of the interior space of the 
workpiece or the pressure of the outer space by control- 
ling the internal pressure supply mechanism or the 
external pressure supply mechanism, according to the 
displacement detected by the position sensor, may be 
provided. 

[001 0] During bulging of a workpiece. rapid expansion 
of the workpiece can be controlled by supplying high 
pressure liquid to the outer space, and the workpiece 
can thus be prevented from being cracked. Moreover, 
since fluid is employed as a pressure medium, high 
pressure can be supplied to the outer space regardless 
of the shape or contour of the inwardly facing surface of 
the dies defining the cavity. In addition, since the pres- 
sure of the high pressure liquid is equally applied to the 
tHJiging deformation area of the workpiece, the work- 
piece can be deformed In a stable condition. The work- 
piece can thus be bulged without any cracks being 
generated therein and, accordingly, the bulging device 
Is widely applicable to all types of bulging applications. 
[0011] Also, bulging work can be performed under 
suitable condrtlons according to the material composi- 
tion and thickness of the workpiece, by controlling the 
pressure of the interior space of the workpiece and/or 
the pressure of the outer space. 
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[0012] In cases where high pressure liquid is supplied 
to the interior space of a workpiece, which is inserted 
into an upper and a lower die, the contact area of the 
workpiece with the dies is subject to high pressure. 
Therefore, the outer surface of the workpiece. in the 
contact area» receives a greater f rictional force from the 
inwardly facing surface of the dies. On the other hand, in 
the non-contact area of the wor1<piece with the dies, that 
is. in the area where the workpiece tries to expand 
within the cavity at the time of bulging, no fricb'onal force 
is generated. Accordingly, two different flow areas are 
produced during the bulging process of a workpiece: in 
a first area material flows along the inwardly facing sur- 
face of the dies and experiences a great frictional force 
and. in a second area, material flows without receiving 
any frictional force. This results in a possibility that the 
workpiece may become locally thin between the first 
and second areas, which further results in a possibility 
of the generation of cracks in the workpiece. 
[0013] That is why the present invention also pro- 
poses to fluctuate the pressure of the pressure liquid 
being supplied to the Interior space of the workpiece or 
the pressure of the pressure liquid supplied to the outer 
space during bulging. 

[0014] Such a bulging method according to the 
present invention, in which a workpiece is inserted into 
a cavity formed by an upper and lower die, and in which 
high pressure liquid is supplied to the interior space of 
the workpiece. an axial compressive force being applied 
to the workpiece, thereby bulging the workpiece along 
the shape of the Inwardly facing surface of the dies, 
comprises a step of: 

fluctuating the pressure of the high pressure liquid 
supplied to the interior space of the workpiece dur- 
ing bulging. 

[0015] Another bulging method, according to the 
present invention, may be a method in which a work- 
piece is inserted into a cavity formed by an upper and a 
lower die, and in which high pressure liquid is supplied 
to the interior space of the workpiece, an axial compres- 
sive force being applied to the workpiece. thereby bulg- 
ing the workpiece along the shape or contour of the 
inwardly facing surface of the dies, comprising the steps 
of: 

supplying high pressure liquid to the outer space; 
and 

fluctuating the pressure of the high pressure liquid 
supplied to the outer space during bulging. 

[001 6] The fluctuation of pressure may be a periodical 
fluctuation. The pressure in the contact area of the outer 
surface of the workpiece with the inwardly facing sur- 
face of the dies can thus be fluctuated by fluctuating the 
pressure of the pressure liquid supplied to the interior 
space of the workpiece and/or the pressure of the pres- 



sure liquid supplied to the outer space when the work- 
piece is bulged and deformed, which also results in the 
fluctuation of frictional resistance between the woric- 
piece and the dies in the aforementioned contact area. 

5 More specifically, the flow resistance, which is caused 
by frictional forces, of the material of the workpiece. can 
be reduced at the predetermined time intervals, thereby 
allowing the material to flow smoothly along the shape 
or contour of the inwardly facing surface of the dies. As 

10 a result, the workpiece can be effectively prevented 
from becoming locally thin and thus from being cracked, 
and a precise bulging along the shape or contour of the 
inwardly facing surface of the dies can be achieved, 
which are the results of the present invention. 



IS 



Brief Description of the Drawings 



[0017] The preferred embodiments of the present 
invention are now described in detail with reference to 
20 the accompanying drawings, in which: 

Rg. 1 is a schematic block diagram of a bulging 
device according to an emtxxdiment of the present 
invention; 

25 Fig. 2 Is a graph showing the relationship between 
pressure and time according to the embodiment; 
Rg. 3 is a graph showing an alternative relationship 
t>etween pressure and time according to the 
embodiment; 

30 Rg. 4 is a graph showing a further alternative rela- 
tionship between pressure and time according to 
the embodiment; 

Rg. 5 is a graph showing tiie relationship between 
pressure and displacement according to another 
35 embodiment of the present invention; and 

Rgs. 6A and 6B are graphs showing two modes of 
fluctuation of pressure according to the embodi- 
mente. 

40 Description o f the Preferred Embodiments 

[001 8] As shown in Rg. 1 , tiie dies 1 are composed of 
a first upper die 2 and a second lower die 4, and the 
upper die 2 and the lower die 4 are mounted on a press 

45 machine for bulging (not shown). A cavity 6 is formed 
within the pair of dies 1 when the upper die 2 and the 
lower die 4 are mated with one another. A woriqsiece 8. 
for which a tube is enployed in this embodiment, is 
inserted into the cavity 6. The inwardly fadng surface of 

50 the dies 1 , defining the cavity 6. is formed of such a 
shape as to allow the middle section of the wori^iece 8 
to expand by bulging. 

[001 9] Also, a pair of first and second pushing dies 1 0 
and 12 are slidably disposed at botti opposed ends of 
ss the workpiece 8 which is Inserted into the cavity 6 of the 
dies 1 . The outer shape or contour of tiie pushing dies 
10 and 12 substantially coinddes with or follows the 
inner shape or contour of the dies 1, and further, a 
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known sealing structure is provided between the push- 
ing die 1 0 and the dies 1 as well as between the pushing 
die 1 2 and the dies 1 . thereby providing an airtight seal- 
ing arrangement therel^etween. As an example of such 
a sealing structure, O rings may be disposed between 
the pushing die 10 and the dies 1 as well as between 
the pusNng die 12 and the dies 1 . The pushing dies 10 
and 12 are actuated by hydraulic cylinders 14 and 16. 
respectively, to apply an axial conpressive force to the 
workpiece 8. The hydraulic cylinders 14 and 16 are con- 
nected to hydraulic sources 18 and 19, respectively 
[0020] The hydraulic sources 18 arxJ 19 are provided 
for supplying high pressure liquid to the hydraulic cylin- 
ders 14 and 16. respectively, and for adjusting the pres- 
sure of the pressure liquid according to external signals. 
In this embodiment, a pushing mechanism 20 Is com- 
posed of the hydraulic cylinder 14 and the hydraulic 
source 18. and a pushing mechanism 21 is composed 
of the hydraulic cylinder 16 and the hydraulic source 19. 
[0021] An interior space of the workpiece 8 is con- 
nected with a first booster 22 via a communicating pas- 
sage or hole 24 formed in the pushing die 10. In the 
same manner, the outer space of the workpiece 8 when 
located within the cavity 6 (hereinafter referred to as the 
"outer space") is connected with a second booster 26 
via a communicating passage or hole 25. The first and 
second boosters 22 and 26 are connected to hydraulic 
sources 28 and 29, respectively, such as hydraulic 
pumps. The hydraulic sources 28 and 29 are provided 
for supplying a high pressure liquid to the first and sec- 
ond boosters 22 and 26, respectively, and for adjusting 
the pressure of the pressure liquid according to external 
signals. 

[0022] The first and second boosters 22 and 26 inten- 
sify the pressure of the pressure liquid supplied from the 
hydraulic sources 28 and 29. respectively, and then, 
supply the intensified pressure liquid to the interior 
space of the workpiece 8 and the outer space, respec- 
tively According to this embodiment, an internal pres- 
sure supply mechanism 30 is composed of the first 
booster 22 and the hydraulic source 28, and an external 
pressure supply mechanism 31 is composed of the sec- 
ond booster 26 and the hydraulic source 29. 
[0023] Also, provided in the bulging device, according 
to this embodiment, are position sensors 32 and 34 for 
detecting displacement of the pushing dies 10 and 12. 
respectively Also provided are an internal pressure 
detection sensor 36. for detecting the pressure of the 
pressure liquid supplied from the first booster 22 to the 
interior space of the workpiece 8. and an external pres- 
sure detection sensor 38, for detecting the pressure of 
the pressure liquki from the second booster 26 to the 
outer space. 

[0024] The position sensors 32 and 34, the internal 
pressure detection sensor 36 and the external pressure 
detection sensor 38 are all connected to a control circuit 
40. The control circuit 40 outputs signals, such as a 
drive signal for driving a hydraulic pump and a pressure 



setting signal for setting the pressure of the pressure liq- 
uid, according to the signals received form each of the 
sensors 32, 34, 36 and 38, and also transmits output 
signals to each of the hydraulic sources 18, 19, 28 and 

5 29. 

[0025] No detailed description of the control circuit 40 
itself is provkied herein, except for that the control circuit 
40 comprises an UO interface for transmission and 
reception of signals between each sensor 32, 34, 36, 38 
10 and each hydraulic source 1 8, 1 9. 28. 29, a CPU for pro- 
viding various kinds of control commands, a ROM for 
storing control programs, and a RAM for temporarily 
retaining various data. 

[0026] Operation of the aforementioned bulging 
IS device, according to this embodiment, is now described. 
[0027] TTie workpiece 8 is inserted into the cavity 6, 
and the hydraulic cylinders 14 and 16 are then actuated 
by being supplied with hydraulic fluid from the hydraulic 
sources 18 and 19, respectively, such that the front face 
20 of each of the pushing dies 10 and 12 contacts an end 
face of the workpiece 8. 

[0028] The interior space of the workpiece 8 and the 
outer space are then filled with low pressure liquid via 
the communicating holes 24 and 25, respectively while 

25 the first and second boosters 22 and 26 are supplied 
with high pressure liquid from the hydraulic sources 28 
and 29, respectively An intensified high pressure liquid 
is supplied, from the first booster 22 via the communi- 
cating hole 24. to the interior space of the workpiece 8, 

30 while an intensified high pressure liquid is supplied, 
from the second booster 26 via the communicating hole 
25, to the outer space. On the other hand, hydraulic fluid 
is supplied from the hydraulic sources 18 and 19 to the 
hydraulic cylinders 1 4 and 1 6 to apply an axial compres- 

35 sive force to the workpiece 8 via the pushing dies 10 
and 12. 

[0029] Once high pressure liquid is supplied to the 
interior space of the workpiece 8. the workpiece 8 
expands, due to the pressure thereof, to follow or oon- 
40 form to the shape of the inwardly facing surface of the 
dies 1. Since the axial compressive force is being 
applied to the workpiece 8 via the pushing dies 10 and 
12, the pushing dies 10 and 12 are displaced in the axial 
direction with the expansion of the workpiece 8. At the 
45 same time, the intensified high pressure liquid is sup- 
plied, via the second booster 26. to the outer space. 
[0030] In this case, by setting the pressure of the outer 
space lower than the pressure of the interior space of 
the workpiece 8. the workpiece 8 is expanded to con- 
so form to the shape of the inwardly facing surface of the 
dies 1 due to the pressure differentials therebetween. 
[0031 ] As a method of controlling such pressure differ- 
entials, it is proposed, for example, to monitor both of 
the pressures detected by the internal pressure detec- 
55 tion sensor 36 and the external pressure detectfon sen- 
sor 38 to control both of the hydraulic sources 28 and 29 
such that the pressure of the interior space of the work- 
piece 8 becomes higher at a predetermined degree 
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than that of the outer space. 

[0032] In cases where the preferable set values of the 
internal pressure corresponding to the variation of the 
internal pressure are previously obtained through tests, 
it is proposed to monitor the pressure of the interior 
space of the workpiece 8 detected by the internal pres- 
sure detection sensor 36. and to control the pressure of 
the pressure liquid supplied from the hydraulic source 

28 to the first booster 22 such that the pressure of the 
interior space of the workpiece 8 becomes higher than 
that of the outer space. 

[0033] In cases where the preferable set values of the 
external pressure corresponding to the variation of the 
external pressure are previously obtained through tests, 
it is proposed to monitor the pressure of the outer space 
detected by the external pressure detection sensor 38, 
and to control the pressure of the pressure liquid sup- 
plied form the hydraulic source 29 to the second booster 
26 such that the pressure of the outer space becomes 
lower than that of the interior space of the workpiece 8. 
[0034] In cases where the preferably set values of the 
external pressure corresponding to the variation of the 
internal pressure are previously obtained through tests, 
it is proposed to monitor the pressure of the interior 
space of the workpiece 8 detected by the internal pres- 
sure detection sensor 36. and to control the pressure of 
the pressure liquid supplied from the hydraulic source 

29 to the second booster 26 such that the pressure of 
the outer space becomes lower than that of the interior 
space of the workpiece 8. 

[0035] In cases where the preferable set values of the 
internal pressure corresponding to the variation of the 
external pressure are previously obtained through tests, 
it is proposed to monitor the pressure of the outer space 
detected by the external pressure detection sensor 38. 
and to control the pressure of the pressure liquid sup- 
plied from the hydraulic source 28 to the first booster 22 
such that the pressure of the interior space of the work- 
piece 8 becomes higher than that of the outer space. 
[0036] As a specific mode of control, for example, it is 
proposed that, as shown in Fig. 2, the pressure of the 
interior space of the workpiece 8 (internal pressure) is 
maintained substantially constantly, while the pressure 
of the outer space (external pressure) is reduced with 
the passage of time. 

[0037] Alternatively, as shown in Fig. 3, the pressure 
of tiie interior space of the workpiece 8 and the pres- 
sure of the outer space may both be increased as time 
passes. In this case, the degree of increase in the pres- 
sure of the interior space of the workpiece 8 should be 
larger than tiiat of tiie pressure of the outer space. Also, 
the degree of increase in pressure differentials may be 
determined according to the material conrposition and 
thickness of the workpiece 8. 

[0038] Further, it is proposed that, as shown in Fig. 4. 
the pressure of the interior space of the workpiece 8 is 
increased while the pressure of the outer space is 
reduced with tiie passage of time. In this case, the 



degree of increase or reduction in the pressure may be 
determined according to the material composition and 
thickness of the workpiece 8. 

[0039] The progress of bulging of the workpiece 8 can 
5 be seen from the displacement of the pushing dies 10 
and 12. which is detected by tfie position sensors 32 
and 34. respectively. More specifically as the bulging of 
the workpiece 8 progresses, the displacement of the 
pushing dies 10 and 12 becomes larger. Then, it is pro- 
10 posed to monitor displacement of the pushing dies 10 
and 12. and to control ttie hydraulic source 28, thereby 
adjusting the pressure of tiie interior space of the work- 
piece 8. 

[0040] Alternatively, it is proposed to monitor displace- 
15 ment of the pushing dies 10 and 12. and to control the 
hydraulic source 29, thereby adjusting ttie pressure of 
tiie outer space. 

[0041] In tiie aforementioned cases, the pressure of 
the interior space of the workpiece 8 and the pressure 

20 of the outer space may be controlled in tiie same man- 
ner as shown in Figs. 2. 3 and 4. In this case, the 
abscissa of each graph shows displacement, not time. 
Furthermore, it is proposed, for example, tiiat. as shown 
in Fig. 5, the larger the displacement of the pushing dies 

25 10 and 12 becomes, the more rapidly tiie pressure of 
tiie interior space of the workpiece 8 is increased, while 
tiie pressure of the outer space is gradually reduced at 
a constant rate. By reducing the external pressure grad- 
ually, the material flow of the workplace 8 can be pre- 

30 dsely controlled at tiie time the workpiece 8 is bulged 
and deformed and. therefore, it can be accurately 
bulged along the shape of or to conform to the inwardly 
teeing surface of tiie dies 1 . Also, it goes witiiout saying 
tiiat this mode can be applied to tiie aforementioned 

35 control mode based on time. 

[0042] As aforementioned, as a result of bulging tiie 
workpiece 8 by supplying high pressure liquid to the 
outer space as well as to the interior space of the work- 
piece 8. rapid expansion of the workpiece 8 can be pre- 

40 vented, which also results in the prevention of cracks in 
the workpiece 8. In addition, irrespective of the shape of 
tiie workpiece 8, the pressure of the pressure liquid is 
equally applied to the area of deformation of tiie work- 
piece and. therefore, a secure bulging can be achieved 

45 even in cases where various shapes are adopted as the 
shape of the cavity 6. Furthermore, by controlling the 
pressure of the interior space of tiie workpiece 8 or the 
pressure of the outer space, bulging can be performed 
under the suitable conditions according to the material 
50 composition and thickness of tiie workpiece 8. 

[0043] Now in cases where high pressure liquid is 
supplied to the interior space of the workpiece 8 which 
is disposed witiiin the dies 1, the contact area of the 
workpiece 8 with the dies 1 is subject to high pressure 
55 and, oonsequentiy. the outer surface of the workpiece 8, 
in the contact area, receives greater frictional forces 
from the inwardly facing surface of the dies 1. On tiie 
other hand, in the non-contact area of the workpiece 8 
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with the dies 1 . where the workpiece 8 tries to expand 
within the cavity 6 at the time of bulging, no frictlonal 
forces are generated. TTierefore, two different flow 
areas are produced in the workpiece 8 during the bulg- 
ing process: in one area, material flows along the 5 
inwardly facing surface of the dies 1 receiving a greater 
frictional force; and in the other area, material flows 
without receiving any frictional force. This results in a 
possibility that the wort^iece 8 may become locally tNn 
between the two areas, which further results in a possi- w 
bility of the generation of cracks in the workpiece 8. 
[0044] That is why the present invention also pro- 
poses to fluctuate the pressure liquid supplied to the 
interior space of the workpiece 8 and/or the pressure of 
the pressure liquid supplied to the outer space during is 
bulging. 

[0045] For example, the hydraulic source 28 may be 
controlled by the control circuit 40. thereby fluctuating 
the pressure of the hydraulic fluid supplied from the 
hydraulic source 28 to the booster 22. Consequently. 20 
the pressure of the high pressure liquid supplied from 
the booster 22 to the interior space of the worikplece 8 is 
fluctuated as well. As an example, the pressure of the 
hydraulic fluid from the hydraulic source 28, as shown in 
Fig. 6A, is fluctuated as a periodical rectangular wave. 25 
Alternatively, the pressure of the hydraulic fluid may be 
fluctuated as a perkxiical sine wave, as shown in Rg. 
SB. 

[0046] In the above cases, the pressure of the high 
pressure liquid supplied from the booster 22 to the inte- 30 
nor space of the wori^iece 8 is fluctuated in a rectangu- 
lar wave and, consequently, the pressure of the contact 
area of the outer surface of the workpiece 8 with the 
inwardly facing surface of the dies 1 is fluctuated as 
well, which also results in the fluctuation of the frictional 3S 
resistance between the wori^iece 8 and the dies 1 in 
the contact area. That is. the flow resistance of the 
material of the workpiece 8 caused by the aforemen- 
tioned frictional force can be reduced at the predeter- 
mined time intervals. The material easily flows when the 40 
flow resistance is small. Therefore, the material can 
smoothly flow along the shape or contour of the 
inwardly facing surface of the dies 1. As a result, it is 
appreciated that the workpiece 8 can be effectively pre- 
vented from becoming locally thin and thus from being 45 
cracked during bulging, and a precise bulging along the 
shape or contour of the inwardly facing surface of the 
dies 1 can be achieved. The proper values of the afore- 
mentioned fluctuation period and fluctuation amplitude 
of pressure may be determined, in advance, according so 
to the type of workpiece 8 through tests. 
[0047] Alternatively, the hydraulic source 29 may be 
controlled by the control circuit 40 to fluctuate the pres- 
sure of the hydraulic flukJ supplied from the hydraulic 
source 29 to the booster 26, thereby bulging the work- ss 
piece 8 in the same manner as aforementioned. Fur- 
thermore, it is also possible that the pressure of the 
hydraulic flukj from the hydraulic source 28 and the 



pressure of the hydraulic fluid from the hydraulic source 
29 are both fluctuated during bulging. 
[0048] It is also proposed to fluctuate the pressure of 
the interior space of the workpiece 8 by controlling the 
hydraulic source 28 according to the displacement of 
the pushing dies 10 and 12. Alternatively, the pressure 
of the outer space may be fluctuated by controlling the 
hydraulic source 29 according to the displacement of 
the pushing dies 10 and 12. Further, the pressure of the 
hydraulic fluid from the hydraulic source 28 and the 
pressure of the hydraulic fluid from the hydraulic source 
29 may Ixrth be fluctuated according to the displace- 
ment of the pushing dies 10 and 12. For example, the 
pressure of the interior space of the workpiece 8 is fluc- 
tuated when the displacement of the pushing dies 10 
and 12 exceeds a predetermined threshold, thereby 
making it possible to precisely bulge the workpiece 8, 
especially at the last stage of the bulging process, along 
the shape or contour of the Inwardly facing surface of 
the dies 1 . 

[0049] The present invention is, of course, not 
restricted to the embodiments herein described and 
may be practiced or embodied in still other ways without 
departing from the subject matter thereof. In the above 
described embodiment, for example, a periodical rec- 
tangular wave and a periodical sine wave are indicated 
as a fluctuation manner of the pressure of hydraulic 
fluid; however, needless to say, it may be a triangular 
wave, a trapezoidal wave, and other various waves. 
Also, bulging can be performed under atmospheric 
pressure, but it is of course possS^le to perform the bulg- 
ing in a special external environment, that is under a 
high pressure or the like. 

[0050] A bulging device for bulging a workpiece and 
preventing the generation of cracks therein, even in 
cases where various kinds of dies of various cavity 
shapes are employed, and a bulging method for bulging 
a workpiece into an accurate shape, and preventing the 
generation of cracks therein. High pressure liquid is 
supplied from an internal pressure supply mechanism 
to the interior space of a workpiece and from an exter- 
nal pressure supply mechanism to the outer space of 
the workpiece in cavity. An internal pressure detection 
sensor or an external pressure detection sensor is pro- 
vided such that the intemal pressure supply mechanism 
or the external pressure supply mechanism is controlled 
according to the detected pressure, thereby controlling 
the pressure of the interior space of the workpiece or 
the pressure of the outer space of the workpiece in the 
cavity. Alternatively, position sensors for detecting dis- 
placement of pushing dies are provided such that the 
pressure of the irrterior space of the wori<piece or the 
pressure of the outer space of the workpiece in the cav- 
ity is controlled according to the detected displacement. 
The workpiece is Inserted into, the cavity formed by an 
upper and lower die. and high pressure liquid is sup- 
plied to the interior space of the workpiece while an 
axial compressive force, is being applied to the work- 
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piece, thereby bulging the wori^ece to follow the con- 
tour of the inwardly facing surface of the dies. During 
this bulging process, the pressure of the high pressure 
liquid supplied to the interior space of the workpiece ts 
periodically fluctuated. s 

Claims 

1. A bulging device for producing bulges in a work- 
piece while minimizing formation of cracks and thin- io 
ning in the workpiece during bulging, saki bulging 
device comprising: 

a pair of first and second mating dies defining a 
cavity therebetween. is 
an inwardly lacing surface of said first and sec- 
ond mating dies being contoured to form a 
desired bulged shape of the workpiece; 
a pushing mechanism for provWing an axial 
compressive force to the workpiece, when 20 
located between said first and second mating 
dies, to facilitate bulging of the workpiece to 
conform to a contour of the inwardly facing sur- 
face of said first and second mating dies defin- 
ing the cavity; and 2S 
an external pressure supply mechanism for 
supplying a high pressure liquid to an outer 
space, defined between the inwardly facing 
surface of said first arxi second mating dies 
and an exterior surface of the workpiece. when 30 
located within said first and second mating 
dies. 

2. The bulging device according to daim 1, wherein 
said pushing mechanism comprises a pair of as 
opposed pushing meclranisms which operate in 
combination with one another to apply the axial 
compressive force to the workpiece. 

3. The bulging device according to daim 2, wherein 40 
each of said pushing mechanisms comprises a 
pushing die which is connected to a hydraulic cylin- 
der, said fiydraulic cylinder is coupled to a source of 
hydraulic pressure which controls operation of said 
hydraulic cylinder, and movement of the hydraulic 45 
cylinder, in turn, controls movement of said pushing 
die. 

4. The bulging device according to daim 3. wher«n 
the bulging device further comprises a first booster so 
for supplying a high pressure liquid to an interior 
space of the workpiece, and said first booster is 
coupled to a source of fiydraulic fluid and supplies 
the high pressure liquid via a passage formed 
within one of the pushing dies. ss 

5. The bulging device according to daim 4, wherein 
the external pressure supply mechanism comprises 
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a second booster for supplying a high pressure liq- 
uid to the outer space, and the second booster is 
coupled to a source of hydraulic fluid and supplies 
the high pressure liquid via a passage formed 
within one of the first and second mating dies. 

6. The bulging device according to claim 3, wherein 
said bulging device further comprises an internal 
pressure supply mechanism for supplying a high 
pressure liquid to an interior space of the work- 
piece, when located between said first and second 
mating dies, via a passage formed within one of the 
pushing dies. 

7. The bulging device according to claim 1 . wherein 
said bulging device further comprises an internal 
pressure supply mechanism for supplying a high 
pressure liquid to an interior space of the work- 
piece, when located between said first and second 
mating dies, via a passage formed within one of the 
pushing dies. 

8. The bulging device according to claim 7, wherein 
said bulging device further comprises an internal 
pressure detection sensor for detecting the pres- 
sure of the high pressure liquid supplied from said 
internal pressure supply mechanism, and a control 
drcuit for controlling one of the pressure of the inte- 
rior space of the workpiece and the pressure of the 
outer space by controlling at least one of said inter- 
nal pressure supply mechanism and said external 
pressure supply mechanism according to the pres- 
sure detected by said irrternal pressure detection 
sensor. 

9. The bulging device according to claim 7, further 
comprising an external pressure detection sensor 
for detecting the pressure of the high pressure liq- 
uid supplied from said external pressure supply 
mechanism, and a control drcuit for controlling at 
least one of the pressure of the interior space of the 
workpiece and the pressure of the outer space by 
controlling at least one of said internal pressure 
supply mechanism and said external pressure sup- 
ply mechanism according to the pressure detected 
by said external pressure detection sensor. 

10. The bulging device according to claim 7, wherein 
said bulging device forther comprises: 

an internal pressure detection sensor for 
detecting a pressure of the high pressure liquid 
supplied by saki internal pressure supply 
mechanism; 

an external pressure detection sensor for 
detecting a pressure of the high pressure liquid 
supplied by said external pressure supply 
mechanism; 
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a position sensor for detecting displacement of 
said pushing mechanism; and 
each of said Internal pressure detection sen- 
sor, said external pressure detection sensor 
and said position sensor is coupled to a control 
circuit for controlling the operation of said txilg- 
ing device. 

11. The bulging device according to claim 7, wherein a 
control circuit is coupled to: 

said internal pressure supply mechanism; 
said external pressure supply mechanism: and 
said pushing mechanism for controlling opera- 
tion of said Ixilging device. 

12. The bulging device according to claim 3, wherein 
said bulging device further comprises an internal 
pressure supply mechanism for supplying a high 
pressure liquid to an interior space of the work- 
piece, when located between said first and second 
mating dies, via a passage formed within one of the 
pushing dies. 

13. The bulging device according to daim 12, wherein 
said bulging device further comprises a position 
sensor for detecting displacement of said pushing 
dies and a control circuit for controlling the pressure 
of an interior space of the workpiece, when located 
between said first and second mating dies, and the 
pressure of the outer space of said workpiece by 
controlling one of said internal pressure supply 
mechanism and said external pressure supply 
mechanism according to the displacement detected 
by said position sensor. 

14. The bulging device according to claim 3, wherein 
said iDulging device further comprises a position 
sensor for detecting displacement of said pushing 
dies, said position sensor comprises a pair of sen- 
sors with a first one of said pair sensors mounted 
for detecting displacement of a first one of the push- 
ing dies and a second one of the pair of sensors 
mounted for detecting displacement of a second 
one of the pushing dies. 

15. A method of producing bulges in a workpiece while 
minimizing formation of cracks and thinning ther^n 
during bulging, said method comprising the steps 
of: 

inserting a workpiece within a cavity formed 
between a pair of first and second mating dies; 
supplying a high pressure liquid to an inner 
area of the workpiece to create an expansive 
force within an interior space of the workpiece; 
applying an axial compressive force to the 
worlqpiece thereby to bulge said workpiece so 



as to conform to an inwardly facing contour of 
the cavity formed by said first and second mat- 
ing dies; arxl. 

fluctuating the pressure of said high pressure 
5 liquid supplied to the interior space of said 

workpiece. during ttie bulging process. 

16. The bulging method according to claim 15, further 
comprising the step of supplying a high pressure 

10 liquid to an outer space defined between the 
inwardly facing contour of the cavity and an exterior 
surface of said workpiece. 

17. The bulging device according to claim 15, further 
IS comprising the step of periodically fluctuating the 

pressure of the high pressure liquid supplied to the 
interior space of said workpiece. 

18. The bulging method according to claim 16. further 
20 comprising the step of periodically fluctuating one 

of the pressure of the high pressure liquid supplied 
to tiie interior space of said workpiece. and tine 
pressure of the high pressure liquid supplied to the 
outer space defined between the workpiece and 
25 said cavity. 

19. A method of producing bulges in a wori<piece while 
minimizing formation of cracks and thinning therein 
during bulging, said method comprising the steps 

30 of: 

inserting a workpiece within a cavity formed 
between a pair of first and second mating dies; 
supplying a high pressure liquid to an inner 

35 area of the workpiece to create an expansive 

force within an interior space of the workpiece; 
applying an axial compressive force to the 
workpiece thereby to bulge said wortcpiece so 
as to conform to an inwardly facing contour of 

40 the cavity formed by said first and second mat- 

ing dies; 

supplying a high pressure liquid to an outer 
space defined between tiie inwardly facing 
contour of the cavity and an exterior surface of 
45 said workpiece; and. 

fluctuating the pressure of said high pressure 
liquid supplied to the outer space, during tiie 
bulging process. 

60 20. The bulging method according to claim 19. further 
comprising the step of periodically fluctuating one 
of the pressure of the high pressure liquid supplied 
to. tiie interior space of said wori<piece, and ttie 
pressure of the high pressure liquid supplied to the 

55 outer space defined between the workpiece and 
said cavity. 
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